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^}7] 7]^ ^ #^o)l >^>7l ^J^olA^i- o]oil rt)-el- ajH el-^ 

^iofl Jl^^o.^ €^€4. :£t!: ^1-71 ;=^l-7l 7]^ ^-8: ^^>^ 

5. 2 

^1-71 7l"^ ^^(magneto-resistive memory cell), ^fle^o] e (fgj-j-itg) 



43-3 



1020020057189 %■^ 'U^}' 2003/4/11 

[^^^^ 

^}7] ^ ZL /sflS «<}-^ {MAGNETO-RESISTIVE MEMORY DEVICE AND METHOD 

FOR FABRICATING THE SAME} 

£1^ ^ 'i:^^ 'U ■^^]^]^] ^}7] ^-l^j- 7]^ ^^>1- 7M^^S. ^s. 

£.2^ ^ ^^I'^l'^l ;^>7l y^^^ 7l^ 4i;^>l- 7M^^S S^ltb ^ 

£.3^ ^ S t\.^ ^Aloflofl 14s. ;^1.7l 7l^ 7fl3^=^^S. S^ltl- 

£.4a Lflx] lE.4h^ >^l-7l ^-^^ 7]^ ^:^}^ ^^^^ ^^1 

d\]X\o!i tiVt^^l 7]:g-o] cfig£S.olr]-. 

£6a vfl^] £6g^ t^€- £2^ ;^l-7l 7]^ 4i;^>l- 

^-£^1 71 ^T^Sl-olcf. 
3£7a £7f^ ^ ^^1<^H1 £3^ >^}-7l x-l-sj- 7]^ ^i^^V* 

* £^^ ^jB. ^^oi] cfltt 
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160a: cl^lB ^91 240a: sf|^ 

260, 300: ^j-^V^^n^ 280: wj^p^^ 

320: y^}7] 7]^ ^ 330a, 330b: 7^7] :ii3J|l<:>l>H 

380: 31 S.7^-t^ 400a: «1H el-^ 

<i3> ^ ovs^l ^tb ^A^s.^^. t:-]^ -a-^il^}?!!^ ^V7l 7]^ ^ 

^^tf. ;^>^ ^Ei^ «j-*J=^s ^^7.}^i%^d\] ^-l^^cf. <^l^rfl, :5Vi4^ ^J-^V^^f' 

A-lfi^ ;^>^ ^Ei 7>*fl^ ;^>7l^oll ttl-Bl- O^i^ ^ «J-^<^1>H ^tfl Wj-^O.^. nfl-f 

^s^>7fl ^4. ;^>^ ^Ei wj-^oil '=>]^ ^Ji^ ^i^J-<^l 7>^*>7ll ^C^-. ^. ^> 

^1 -i-^^i ^i^J-^ :^>7l 7)0^ ^oii xi^^ 

<15> 0]St\- ^}7l 7]^ dl7}o\]A^ ^^^^ o^^flAi^ X>S)- ^E-1 ^ 

^^]7l^ ;^>7l^ol Jr^^ o.^ p?>7l ^^Sjo^ol: ^cf. 
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<16> r4e)-A| ^ ^i^o] SL-t^^S. >^>7l^# :^}7] /^l^ ^ofl 

^ 7l-^§>7ll 7^7] X-I-SJ- Ji^V ^ H ^ll^^j-fe ^o]^. 

<17> .^Vy] ^^^^1-71 ^tV ^ ^'^^ 7.}7] ^-l^j- 7l^ rdl^Vofl . ^V^l 

<18> a, ^>7l 7l<M ^ ^^ofl 7}7] i^s:>^ 4€- ^^^S. 

tb^l-. o] ^o.^ >.3JllolA-l7> ^71 nfl^o^l. ^>7] ^^^^ 7]<^ 

^ ^4. 

<19> ;^>7] 7l^ 4^ ^^^*>fe ^^^V^^^ ^ ^>7l^J-ofl ^Sfl ;^>^ ^B] ^j-^o] ^ 

<20> d ^^-fla^ ^71 ^ ^^^^>7l ;^>7l 71^ 4i^>^, ^ 

<aBi-^ A>o]oii tivs^i y]^ '^'^Hi Hfl^i^ ^^51)-, ^7] s.^^ n 

^1^ 7}7] ^-i^j- 7l^ ^7] ^<H] tifl^lSlcH ^7l 7.}7] X-^^J- 7]^ 
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<2i> ^7] JL H^V^^ <^]^^. M^-o>9l ^1*1^ sflsl-olH 

(Ni-Zn-Ferrite), "^^-<^>*a 3E|l5l-olH(Mn-Zn-Ferrite) , MnFeO, CuFeO, FeO, 

NiFeO ^ i^tl:^-. 

<22> ^7] ^}7] 7l<5^ ::h;^>^ ^7] :^}7] X-^-^J- 7] ^ ^ ^^o]] tifl^]^ ;^>7l ^ 

5ilolAi» ci ^ $1^-. olnfl, ^V7l 7\7] ^^llolA-l^ M ^-^f^ ^1^^ 

«^lS(Ni-Zn-Ferrite), ^j-^-<i>'a ^1^^ 5fle|-olH(Mn-Zn-Ferrite) . MnFeO, CuFeO, FeO, 
NiFeO -g-^ Jl -£^>^^ ^V^^ ^^^€4. ^^1<^1<=H1 ^7] ^>7l 

<23> ^7] ^>7l 7l^ ^7] S.^^- ^<ill ^>i^ls «fl^m 3lfl 

^, Wl^H^^ ZLBlJl <^H, ^7l ^1-71 

^7] 7^7.}^^u^.o^ ^^ofl ^A^^ ^ o;^x:|.. o] ^v^j ^^y^ 

^ S^B(Co). q^€(NiFe) ^H^f' 3f|le)-olB 

(Ni-Zn-Ferrite), ^J-^-^^V^ ^^ll^] 3ijle|-olH(Mn-Zn-Ferrite) , MnFeO, CuFeO, FeO, 
NiFeO -i-s] Jl iE;^>^ 5L^t!:Cl-. 
<24> ^Ajc^loil ^o^Ai, ^7] ;<>7l ^i^j- 71^ rii;^!-^. ^7] ^^Bj-^ ^-^^H 

HViE^l 7l^^ A>oio^ ^7l^ ;^1^*>^ ^B.^: t-l JL^t!-^-. 

<25> .^71 WlH 5^-^ ^ T^^lH ^^^1 ^7] 7^7] *j- 7]^ 7^7]^-d: ^]^^ 

^1-7] wlH e]-^^ x;>7l ^^^^ 7]^ ^<H1 ^^1- ;^l^t!:cl-. 
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<27> C^.^ ^A]<^]6\] oXo]A^, ^7] 7.}7] 7]<^ ^^}^ . ^7] ^^^<^^^ ^"^^H 

H S|-<?13I}-, >a-7l C^^lH el-^Sl- ^'U 7Md1 >^7l 7^7^A^^ ^ ^l-7l 

ti>i^l 7] ^2] A}o]c^ ^7l^ ^l^^m = # C-l if-tbcf. ^l«fl 

, -^7] JE^^ 2fl^^ ^7] ^ >S-7l q^lH Bl-<?1^ ^i, >S-7l y^7^^^^ 

sflU, ^7l 3lflBi ZL^JL 7j-;^H^n^ jtfl^o. ^o]^ m^C^. 

<28> ^7] ^ ^'^gSl ^a^^ ^^^^V7l ^tb ^>7l ^-I^J- 7l^ :^^V^, ^^^^-^ ^H<^1 

7]^ Hfl^l^ ^rfl^oz}-, ^7] >S-<^1 tifl^]^ ;<>7] ^^^^ 

7]^ ^4. ^7] ;^V7l 71^ ^ ^«611 tifl^m ^V7l >i3JjlolA-lS!}-, >^7l 

Hl]^ls]<H ^>7l 7]^ ^^>^ ^^^^ i^tbi=f. 

<29> <a ^^Hjofl ^o^^i, ^1-71 X}7] :^no]X]^, M €-^>^ ^11^ ^^o]^ 

(Ni-Zn-Ferrite), '?3-^-<i><a :^M^ 3JllBl-olS(Mn-Zn-Ferrite) , MnFeO, CuFeO. FeO, 
NiFeO ^2] ji ^H^^^^ 5L^^1-JL, ^7] ^^l^^ 5E 

^ ^7i ^<a^i-^ JL :£^>#^ ^H^^ojcf. ^5)-^ ^ -£;^>#^ ^1- 

^^^^ 3:^^^ ^ 

<30> ^7] ^>3*>7l ^tt ^V7l ^i^J- 71^ 4i^> IJ-^^, ti>5.^1 7]% ^ofl 
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^ 3rf|^o.s ol^o^^ ;^>7l -i-i: ^^^*>^ ^^l^^l". ^7] 

^}7] 7]^ ^ ^^oll 7^7] r^i^flolA^l- ^^1^+, ^7] ^}7l 

<^l^i7> ^^J^ ^Tgoil ^^^*>^ 

<31> ^71 iJ-'gcflA^, ^71 7]-7] >i3EilolA^ ^ Jl Sl7\-%:S>] 7}^^ M ^-'^V'S 

;^l<gsl 3Jil£}-olE(Ni-Zn-Ferrite), ^d-^-<i><i^ ^1^^ 3f|]2i-olH(Mn-Zn-Ferrite) , MnFeO, 
CuFeO, FeO. NiFeO ^^S. ^^^€4. 

<32> ^7] «J-^<^lAl, ^7l ;^>7l ^>7l :i3J|lo]A^^ ^ 

^^^^i-^ ^n* ^ <^H. 7}7] ^lno]x\^, q^-o><?i n'^^ n 

2l-<^lH(Ni-Zn-Ferrite), "J-^-^^V^i^ ^1^^ 3ll2l-<5lH(Mn-Zn-Ferrite) , MnFeO, CuFeO, 
FeO, NiFeO ^^S. ^^^^Jl, ^7] ^^^i 7}7] r:^;iEllol a^^, S^B(Co), 

(NiFe) ^^S. ^^^^cf. 

<33> «j-^<HlAi, ^7] 7}7] A-l^J- 7l^ ^^^^>^ ^^1^, ^7] E]- o. 

^>^1S. 3^Bl^^H ^71 7j-;^H^q- Sfl^ :e.t:^- e >a-7l ^]7}^^n ^ 

<34> ^7] 7}7] i3f|lolAi§ ^ ^^1^, ^7] ^<a^ ^ -^^-7] 7}7] A-] %V 7]^ 

^<Hi ^no]A^ ^^^si-^ ^7i d^n^]^^ ^^«^H ^7i >s- 

^ 7j-^>A^n^ jifl^o^ ^7l^ o] ;^ o.^ ^^y^ ^5,^0] 
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^•1^. S^H(Co), M^€(NiFe), ^€-<^l-<?^ 5£jlefo]H(Ni-Zn-Ferrite) , °^:?]-6> 

:^]<^2\ 3JflBl-olH(Mn-Zn-Ferrite), MnFeO, CuFeO, FeO, NiFeO -f-.^.^ ^^J^^l-. 

^ ^^^^>7l ^>7l ^H^l 

Hl^H^ ^V-f- 7<}-^H^^ n^, ^ ^^^^V3^1, ^y] 7j-:^> 

sfl^, ^]7}^^^ ^ n^o] 7}7] 7^*j- 7)0^ ^^1 

^. ^oM ^>7l 7l^ >i ^^ofl ;^1.7l >i5llolAi§ ^^^^^ ^^1^, 

:±:S||olA-^7> ^^^^ ^igoll ^^^^^ i^^T^f. 

^7] ^j-'^ofl^i. ^71 ;^]-7i 71^ -i^ ^^1^. ^y] ^-f- ^<J-^H^^* 

^ ^HIS. J^Bl^^H ^71 ^-f- 7^7}^^^ 4^ jatq- e >S-7l V]7}^^^ 5fl^, 

^>7l >.3ilolAi§ ^^^^m -^-71 ^-^l^ ^ ^7] 7}7] 7]^^ 7]^ 

>S-<H1 ^5llo]Al ^^^5]-^ ^7^151-, -^7] ^1^]^]^ ^Z]-^H ^ 

^ ^^7}^^^ ^7lfe i^ttl^l-. ^7l 7}7] 

^, ^^H(Co). q^^(NiFe), ^1^2^ jillel-olE(Ni-Zn-Ferrite), ^J-^^-^^V^ 

^11^ 5ile^-olE(Mn-Zn-Ferrite), MnFeO, CuFeO, FeO, NiFeO ^^S. 

s.^^ ^ ^"^^ ^^1<^1«<^1 ^^}<=^ ^^]^ 

'^7l^>^c1-. 
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<39> ^ ^i^S^ <U ^}7] 71 ^^1- Jfle^^o.^ JtA]^ 

^£^1 71:^^ ^^S.<5li=l-. 7^7] 7]<^ ±7^}^ 3fl€(240a). 

>^>7l 3ifl^(240a) ^<H1 ^>^1S 7}7] /^i^ 7]^ €(320). ^>7l 

71^ €(320)^ ^^>^ ^<?!^(380)^ i-ttbi=f. ^7l ^1-71 ^-l^j- 7]^ €(320)^ 

ulTiH^nv 211 Bi (280a)* ^>*^1^1 ^ ^ 711^1 7^7\^^^ 3fl€(260a. 280a)* JL^tbcf. 

<40> ^7] ^:?> ^^^-(380)^ Jl iE.^>#^ «^mcfl, ^7l ^<^^ 

(380)^ M^-<>1-<S 5llel-olH.(Ni-Zn-Ferrite), ^J-^-<5><a ^11^ J^llel-olH 

(Mn-Zn-Ferrite), MnFeO, CuFeO. FeO, NiFeO ^^^€4. ^ -£^>*^ ^> 

7l ;^>7l /5l*J- 7l<5^ €(320)<H1 ^^€^1-. 
<4i> >^7l #^ ^^^-(380)* 31 S^V*^ 5E^*>^ cff^el-o.^ ^ 

^ ^, ^ £^>^^ ;^H^^(340) ^ ^e]^ -t>^^^(360)ol ^>Blls. ^^51^ 

^ 9X^. f^*<^l ^>^^-2.s. ^ ^ ^*V^ 7]^ 

^<^HlAi :g-^o^ ^1^* 7>^ ^V<Hl7l] ^>^§>i=V. 
<42> ^7l ^^^(380) ^^1 ^7] ^>7l 71^ €(320), ^ ^^^V^^^ 

(300a)<^l ^71^10.^ ^#^1-^ tilB 2l-<y (400)^1 wfl^l^cl-. 
<43> ^7] Si^n 3fl€(240a)^ ^<?!B^-s.(200,120) vfl^l -f-^* ^£^1 7] 

^(100)^ '=g^<^l ^7l^ ^, ^^^-(120) ^fl<^l ^^^sjJI >a-7l ^IL 

^1 7^(100)^ -^g^-^l ^7]^O^S. 3:1--^- l-SlZl(220). ^1-71 ^^ 

#e1 11(220) ^^71^0.^ ^^^>:£^ ^^^(200) ^<=^ wfl^l^ 3.^ 3^ = (i80a) ^ ^ 
7l ^°i^(200) ifl<Hl ^^^sl<H ^7) 341 H.( 180a) «H1 ^7l^^^ ^^*>^ 
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#alZL(220)» ^^^^ ^7] i^^- 3Jll^(240a)^ ^7] ^J:^^ 71:^(100)^ '^^'^l 

<44> tq;^]^ e|-«y(i60a)<^l ^^71 7.}7] 7l^ €(320) *>^ofl ^^s\S,^ ^7] 

(120) ^Hl wfl^l^tf. ^, ^7l tq^lH 2l-^(160a) ^ ^IH 5l-^(400a)^ S^V^H , ^1 
-i-o] iii^l-§>^ ^ofl ^1-71 ^>7i ^i^J- 7l<^ €(320)0] ^^I^t:]-. 

<45> ^7] HlH e)-"?I(400a) ^ c]^lB e1-ol(l60a)<Hl ^-^St!: ^1-71 ^o] ^7] ^>7l :^ 
^7]^ €(320)<^1 olnfl, ^^tt ^<^B]-(380)ol JL H>^>^^ 

^^S. ^^^£]7l nH^ofl, ^^^^ ^>7l^ol jL#^o.s. ^y] pC\.7] ^^^V 7]^ €(320)<^1 
^^^Cf. O]^ 7\7] 7l^ :di;^H^i ^7l ^^o]] ^^-§-^4. 

<46> >^7l wlH e)-"?l(400a) ^ ^7] ^£^1 71^^(100)^ £^ 

^^1 ^^7> ^7] ^>7l 7l^ €(320)<H1 ^-l^J-^ ^.^.7]- ^^^€4. 

om ^}7l ^i^J- 7l^ ^;^HAi^ gl7l ^3]-ofl 
<47> wis. ;£Al3:>;^]^ ^7] 71:^(100) ^S"^ ^1 <^l^cfl, 

^l>iE-l7> c-l til]^l£]<H ^7l wlH e1-^(400a) ^ ^^^] 71^(100) ^H^ Jll-* 

<48> ^7l -S-3|-Al6)l^ >^7l E^^liB^7> ^-.2.HS]<H ^^71 tilH Bl-'?l(400a) ^ 

7l:sa:(i00) A>oloi ^s. ^^7^. ^]-^s]<:>l ^7] tijH 2l-<?I(400a)<^l ^^'^l ^ 

^>7l^ol ^7l ;^]-7] 7]^ €(320)<^1 ^ojcf. 

<49> ^ ^^HHl ;^l-7l ^i^V 7]^ ±7.}M: 7m^^S. ^^]^ ^ 

3E^1 71^^:21 ^Tas-olc]-. £.2# ^2:*><^ , :^}7] 71^^ i;^>^ S.^^ 3fl^(240a), 
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^7] 311^ (240a) ^Ml ^Hl^ ^>7l 7]^ ^(320), ^7] 7.}7] ^-l-sj- 

71^ ^(320)^ ^^>^ f-:?]- ^^^380)1- i^tb^^. ^7] ^>7l 7^^^ 7]'^ ^(320)^ 

^7] sfl^(240a) ^<^1 ^>^1S. tifl^l^ ^>-^ 3J|l^(260a). wj^H^ej- sfl^ 
(280a) ^ ^cJ-^H^s^ 3fl^(300a)^ 

<50> ^ ^^1<^1^ 7}7] 7.]^^ 7]o^ ±7}o]]^^^^, 7}7]^^c;\] ^ «fl 7}s\. ^B] Wj-^jro] ^5>^ 

<^l^tfl, 7j-;^V^^^ 5ifl^(300a)^ ^^ofl 7}7] ^isflolAl (330a) 

7> tifl^l^cj-. n^JL, ^7] S.^^ 3ll^(240a), t}^ ^^7]-^^^ 3fl^(260a) ^ til^H^ 
s|l€(280a)^ -^^tV 7}7]^ ^7] y^7}^^^ 3:|l^(300a) ^4 ^1 €■ 

<51> >^7l S-^B]- 211^(320)<>1 £.1* ^S^H ^^tb 7^7] 7]^^ i;^H]>^i5Jl- 

^ y^S.^] 7)^(100)^ ^7]^o_s. ^^^r^. 

<52> -a-^ 7<3-^H^^i- 2ll^(300a)<^l ^7l^AS ^^^V^ Him 2^-<el(400a)o] ^0^7] # 

^ ^"?!^(380a) ^<^1 Bfl^m^. ^^71 HlB. 21-^ (400a) ij)- ^liilal-T:^ ^7] ^^^^H^^ 
^^(300a)«^l ^iiL*>^ ^ofl ^^1*>£.^ ^<a^(200) ^<Hl c^^^lH el-<?l(160a)ol «fl^l^ 

<53> ^7] 7}7] i5ilolA-l(330a)^ S.^^ SE^ Hl^^^o^S. ^>^^€ ^c^-. ^]^^, 

^7l 7^V7l :i5llol>H(330a)^ S.^B]-o.s.^ ^^H(Co). i^€^(NiFe) -f-^ 7.} 

S.^^}JL, wlS^^^S.^ M€-^>^ Til^sq 3El]e1-olE(Ni_2n-Ferrite), 
•^V-?! ^1^^ iJll5l-<5lB(Mn-Zn-Ferrite), MnFeO, CuFeO, FeO, NiFeO ^ i^t!:^. 
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<54> 7.\7] ^::5ilolAi(330a)S. <?l*fl^i , S.1^ ^>7l 7]^ , ^ 

7] ^^^(380)^ ^e)^ ^^^^ ^•af'-^S. ^^^^ ^ 9X^. #€• £1^ ^>7l 
7]<^ ^7^^ -^^^l-Tfl ^7l #^^<?!^(380)# ^^^^ ^ ^cv. 
<55> ^ S ^^1<^1<^1 i4€: ;^l-7l 7l<^ ^;<>1- 71)1^^0.^ HAjti: 

<56> ^ ^Al<:i|]6fl nfs- ;^>7l 7l ^ ±7}^ £.1^ ^S*><^ ^>7l 7]rs^ 7]^ 

^^H^i ^1-71 ^-I^J- 7l^ ^ ^^oil ;^>7l >i3|lolAii- ci ^til^rf. 
<57> %^^}^, ^^^H^^ 5^1] € (260a), 3i|l^(280a) ^ ^J- 

^P^^ 3ifl^(300a)-^^ ^>7] 7l^ €(320)^1 ^^<Hl wlH^^d ^>7l 

5ll<5lAK330a) ^ ;^>7l i5llolAi(330b)7l- wfl^l^i^. ^7l 7;>7l ^ 

^ >i3llolA-](330a)^ i^€-<^><a ^1*1^ 5ilel-olE(Ni_2n-Ferrite), '^J-^-'^}^ ^ 
el-«>lB(Mn-Zn-Ferrite), MnFeO. CuFeO. FeO. NiFeO ^ 5E.f-^4. ^7] 5.^^^ >^>7l 
:i3^il<^lAi(330b)^ 3.^3., ^P^l-^* 5L^^4. o] :^^d\]S. ^7] 

^>7l x-l^eh 7]^ ^(320)^ ^^V^ ^^^(380)^ ^^n^ ^<a^-^S. 

<58> ol;^l«-Bl^ ^]^^]^^ ^>7l 7]^ ±7}-^: iJ"^ 'Hi tfl§><:>^ 

<59> iE4a i^^l :£4h^ ^ ^Al<H]<>il 4^1-, :£i^ ^V7l 7]^ :ii^>l- ^Is 

7^(100) ^i-<^l ^91^(120)<^1 ^^^^1^1-. 5.Ai§>^ife ^S3:;^m, 'S-71 ^ 
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^^(120)* M^^^}7] ^<^1, ^^^<^d rdx^V MOSFET "S-^^o]] ^*fl 

«■ ^^^tb^l-. S}^ ^<a^(120) ^<H1 7^7] 7^^} 71^ ^<^1 7}7]^^ ^^*>fe ^^1 

B el-^(160a)^ ^^^tb4. ^M. ^£^1 71^(100)^ <=g^<^l ^7l^^S. ^ 
^^V^ 341^(180a)i ^^^t!rcf. ^7] sfl^ClSOa)^ ^7] ^^^(120)-a: 

^^ l-e1ii(140)<^l slefl >a-7l ^£^1 71:^(100)5^ <^^o]l ^71^^ 

S. 

<60> cf^, :£4bl: %2i^}<^, ^7] tq^lH 5l-^(160a) ^ 5^^(180a)» ^^^1^1^ 
^^-f- €<^^^(200)^ ^^^W. ^7] ^1-^ ^<gB^-(200)^ sflBi^ 4-^ 
(180a)l- i::#Al7l^ ^^*(210)^ 
<6i> 4^ £4cl- ^S*><^ . ^7] $^#(210)^ ^fl-^H^ -^7] '^^^ ^«?1^(200) 

<62> cf^, ^V7l ^1--^ #eizL(220) ^ ^i-^ ^^^(200) ^<^1 :£^^(240)* 

tlrcl-. <^mcfl, ^7l £^^-(240)^ ^ ^^#<^1 ^V^lS ^f-^ ^^S. ^ 

<63> c]-o. j£4d^ #^€r>o^, ^7l :£^^(240)^ ^^^^V*^ S.^^ 5^^(240a)^ 

tl:^. ^71 5J||^(240a)^ ^7] ^^-^ l-e^ll(220)<^l ^7l^o.^ 

>^7l s||:^(180a) ^ ^7l tq^^lH e1-tl(180a)^ ^^A. 

<64> rf^ £.4e# %Si^}<^ , ^7] -^"^ ^^e]-(200) ^ ^7] 3Jll^(240a) ^<^] ^> 

^ ^J-;^H^^H260). wl^H^BV(280) ^ 7j-^H^DV(3oo)# ^>3jlS- ^^^?l:x:f. c^l^cfl, 

-^71 7j-^H^Dl-(260)^ ^B] «J-^ol JL^^^ ^^^SlJl, ^71 7j- 
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^H^^(3oo)^ ^}7]^<=>\] «j-*j=<^i ^*>^ ui^v^^ 

^(280)^ ^^1 ^-a-^^l ^71 7j-;^H^n^s.(260,280)<^ 7}^^ rfl, ^7] 7'fl5l<H7> E-]^^ 

<65> c^-^ £4f^ ^2:^l-<^, ^7l ^c}-^H^(300). Wl;^H^^(280) ^ s:>-^ ^J-^^H^^ 

(260)# 3^E^^$H ^7] c^^lH 5l-'?I(160a) ^>^<Hl ^^1*>^ ^>7l 7]^ 
^4. ^, ^7l ;^>7l 4(320)^, ^c}-:^V^^^ afl^OOOa). ti]^V/§^ afl^ 

(280a) ^ ^V-f- 3rl]^(260a)^ i^t!:i=l-. 

<66> c^-^ £4g» %S^><^, ^>7l x>7l ^i(320)-gr ^4<SAl7l^ ^<?i^i- 

(380)^ ^^^tbcf. ^7] ^«=^^(380)^ Jl S.:^>^^ cf^^o.^ ^ 

(Mn-Zn-Ferrite). MnFeO. CuFeO, FeO, NiFeO 
<67> ji ^^^V^ cff^^S ^ ^4. ^1^1^, :51 

^H^^(340) ^ ^e]^ ^^^(360) ol ^>^1S ^^S. ^^^^ ^ 91^. 

<68> cf^ H4h# #2:*><^. ^7l ^'5^^(380)^ ±^ ^^^^ ^7] 7J- 

5fl^(300a)<^l ^7]^o,s. ^^i}^ «1H e^-<y(400a)* ^^^tb^-. ^ 
7] ^<a^(380)^ ^B-l^^>c^ ^7] 7^y^}A^^ 341^(300a)^ i^#^l7l^ 

* ^^^tt ^. tilH 51-^^ ^^^sr>ji o]^ 2flB]^eH ^71 tilB e|-^(400a)* 

<69> TfJ-i^oflAl, >a-7l 3fl^(240a)# ^^^tb «=>1^*H1 ^7l ;=^>7l 7]^ 

^(320)^ ^^^*>^-^M-. ^ ^tflo^ ^A^s. ^^i^ ^ S. SX^. ^. i^Al S.4C* #S*> 
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^<?1^(200) ^ €r^ #eirL(220) ^<^1 ^7] £^^(240)^ ^^i^ 
^, 7^^M^mo). ^3]y^V^ni2S0) ^ 7J-:^H^^(300)^ ^^^tb^. <^lo1^i ^ 
71 ^Hls. i^Bi^^H :£4f<^l H^i^ ti>5f ^}7] >i ^ 

<7i> £5a# ^^tb ^^*>7fl wVS^l 71^(100) ^<^1 1=1^1 

H ^9lima), sfl^dsOa). €r^ l-s1li4(140,220) , ^^^*(120, 200) ^ 

^(240)# ^^^tVT^f. 

<72> c].^ £5bl- ^S^H. ^^1 5.^^(240)^ j^E^^*>c«^ 3^€(240a)^ 

tb^-. ^7] 5l|^(240a)^ ^7l ^^.2fl:B(180a) ^ i=1^lH s^-^(160a)^ S^^-. 

^1^ ^7l 5il]^(240) ^Hl ^V-^ ^J-^H^(260), til^H^^-(280) ^ 7j- 

^H^^(300)^ ^V^lS. 
<73> Cf^ :£5c* ^^-71 7j-;^H^n|(300)^ 3q]E-1^^}c^ ^7] €\7]B. 

(160a)^ ^J-^H^^ 4li(300a)^ ^^jt!:^-. 

<74> 4^ £5dl- #S*><:>^. >a-7l wl^H^n^(280) ^ 7^^H^^(260)* ^V^lS sflE^ 

3^^(280a) ^ 7^7}^^^ s()^(260a)* ^^^^4. ^7] «1^H^^ 

3fl^(280a) ^ ^>-^ ^j-^V^^n]- 3i))^(260a)^ ^7] -^--^ 7^;^>^^b]- sj|^(300a) ^4 c] a. 

711 ^-^^^4. ^m^, ^71 ^cJ-^HJ^ 3111^ (300a). «1;^H^^ 4^ (280a) ^ ^>-^ ^J- 

^HJ^ 34)^(260a)-2-S. ^>7l ;^-l«J- 7l^ >i(320)ol ^>y^4. 
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<75> cf^ iE5e» ^S:^<^, ^7] ^<^^(200) ^ ^7] afl^ (300a) 

>i3?llolAin^(330)^ ^71 :i3E|l 01^1^^(330)^ S^H(Co). M^^(NiFe) 

^s] >^H^1-^ i-l€-<^>S^ ^1^^ 42l-olH(Ni-Zn-Ferrite), '^J-^-'^VSl ^1^^ 
3Jllel-olH(Mn-Zn-Ferrite), MnFeO, CuFeO, FeO. NiFeO JL ^H^.^^ 

<76> tq-^ SSfl- #S*>ol, >^2j]olA-l^(330)^ 611^1fl-^3rH y^}7] ^^EflolA"! 

(330a)l- ^7] 3fl^(300a)^ ^^<^1 ^^^^t^. 

<77> cf^ HSgi- ^3:^l-<^, ^J-7l ^o^^ 7j-;^H^ni. 5sfl^(300a), wl;^>A^Bl- iE|l^(280a), ^> 

^ 7j-;^H^^ 3ll^(260a) ^ ^€(240a)# ^91^1^171 ^tb ^'=1^(380)^ 

^^^tbi^l-. ^^-71 ^<?i^(380)^ ^e)^ Jl :£^>^^ ^H^^, <^1#^ 

(300a)'^l ^7]^^S. ^^^}^ wlB Bl-'?l(400a)^ ^^^H380) ^Hl ^^^^^f 

<78> o];^] 3E2S1 ^>7l i>^>« ^1S*>^ ycJ-*^^ ^^l-^^l* £5a ifl^l £5g 

^tb4. 

<79> ni;^^ S.6al- ^S^M, 9J:>H ^^tb -S-'i*>7fl ^£.^1 7)^(100) 

H e1-^(160a), 4-B(180a), #e^nl-(140,220) , ^^^#(120, 200) ^ £^ 

^(240)# ^^^tbcf. 
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<80> cf^ 3E.6bl- %^Ss>c^, ^7] 3E^B]-(240) ^Hl ^1-^ ^cJ-^Hd ^(260) . «1;^H^^(280) 

<8i> cf^ H6c# ^S*><^, 7j-pcp^n^(300)^ ^-f- 

3fl^(300a)^ ^^^tbcf. 
<82> c^-^ 3£6dl- %^Ss:>o^ ^1-71 ti]7\^^^(280), ^cJ-^H^ ^(260) ^ 5.^^(240)^ 

^HlS. 5^Bl^3r>o^ Hl^H^^ 3fl^(280a). 5qi^(260a) ^ 

(240a)^ ^^^t!-i=1-. 

<83> cf^ £6e» ^^^(200) ^ ;^>7l ;^-]^ 7l«5^ ^1(320) ^<^1 

5^1^1^1^(330)^ ^^^^l-:a, '^ll- o]l^lBB^>c^ £^1^ ^o] ^7] 7^^H^ 

^ s|l^(300a)^ ^^<H1 >^>7l :±:5ilolA-1(330a)S ^^^t!:^-. 

<84> £6g» %Ss:>c^, >^7l 7^7] >i3ilolA-1(330a)7> ^^^^ ^sj-l- ^6]] 

^<a5l-(380)^ ^^^W. ^1^*11^1, ^7] sllil(300a)<^l ^7l^o.^ 

wlB 2l-<y(400a)# ^7l %-:(y ^^1^(380) 

<85> ol^jfl, :£3o^ ^>7l >5l*J- 7l^ ^7\^ ^1S*>^ £7a ifl^l £7f» ^S^H 

<86> rH^-l £7al- ^S^>c^, :£4a ^^1 £4f# ^'^tl: ^'a^VTil ^sj^}. 

<:H. ^i^l 7)^(100) ^^A^^^ (260a), «1^1-^^^ 5ifl^(280a) ^ 7j- 

^HJ^ ^€(300a)* i^*>^ ^-l^J- 7l^ ^(320)* ^^^tb^f. 

<87> C^-^ £7b4 ^7] 7\7] 7.]^^ 7]<^ ^(320)^1 ^^^1 ci^fl 

<^l>Hm330)* ^^^t!-i=l-. 
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<88> Cf^ iE7cl- i5Jilo]^-]n].(330)^ <^1^1«]^^H ^V^l ^iiJ" 7]^ 

i3|l<ilAi(330a)^ M€-f>9^ ^11^ 5ll5l-clB(Ni-Zn-Ferrite). ^j-^-o>^ ^1^^ 

311 sl-olH(Mn-Zn-Fer rite), MnFeO, CuFeO, FeO, NiFeO ^^S. 

<89> 4^ 7dl- ^2:*><^ >^l-7l 7}7] ^i^ll o] (330a)7> ^^^^ ^41- ^1- 

o\] >i5il<^l>«.M(335)^ ^^^^4. :ii5llolA-lBl-(335)^ ;^V^^1-^ 
S.^^ c^l^cfl S^^H, i^cf. 

<90> cf^ £7el- #Sa^><^, ^^(335)^ <H1^1«-1|^H ^7] 

7}7] i5llolAl(330a) ^<H1 5.^^^ ^>7l >i5ll«^lAi(330b)» ^^^^c^-. 

<9i> iE7fl- ^S^><^, ^"g^l-Tll ^<Ssl-(380) ^ wlH 21- 
. ^(400a)* 

^^^^ ^m^^ ^ 9X^^ o]^^ ^ ojo. 

3^£)o1o> ^c]-. ^ ^Tgo^ 1^^^ ^x^ol ovqef 14^1-14 

-^-^t!: 9X^ ^H^^ ^ ^^'^'^l SL%^ ^^S. n^:^c>]ol ^ ^ 
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<93> o]^6\]A^ ^^tb ^ >^>7l ^>7l ^^^^ 7]^ ^ ^ 

;=^l-7l^ol ^>7l 7]^ ^«^] JL^^^S. ^^^1^^ oHl ^^^"^ ^^o] 7}^ 

<94> SE^ ;^>7l ^^i-Sj- 7]<^ 4^ ^-S^* 31 5.;^>^S^ y^l-A^ ^^S. ^ 
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[^^%^^^^] 
1] 

-^7] s.^^ wfl^l^ ^>7l 7]^ ^; 

wfl^isio^ 7]^ ^^>^ ^<?m-^ 

^7] %-:iV ^^B]- >^oil tifl^1€ ^5l€- ^^^^ c1 i^«>^ 7\7] 7\^^ dli;^!-. 
3] 

^11*J-<^1 

Jiicfls ^el^ ^s}-^- ^ ji s;^!-^^ 7}^^^-^ Dl 

^>7l 7]^ i:.7\. 

1%^^%^ 4] 

A7] 7l^ 
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51 

slle]-o]E(Ni-2n-Ferrite). ^^^-^^l-^ ^^ll^ ^le}<^lB(Mn-Zn-Ferrite) , MnFeO, CuFeO. 
FeO, NiFeO * ^i^J- 7]^ ^y^>. 

6] 

:^>7l 7]^ ^T]-. 

l^^*^ 7] 

^7] 7\7] ^5ll<^lAi^, S^H(Co), i^^l(NiFe)* i^t^m ^>7l ^] 

81 

^7] 3L £x>^sl ^^^^ M^-^V^ ^I'i^ 3|]s1-^lH(Ni-Zn-Ferrite), ^<}-^- 

<*><?^ ^l*!^ 2|l5l-<^lH(Mn-Zn-Ferrite). MnFeO. CuFeO. FeO, NiFeO* 5L^^>^ ^^1-71 ;5l*J- 

7]^ :i^>. 

91 
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^1-71 ^>7l X-I^j- ^7] ^Hl ^1-^1^ tifl^l^ ^<}-^H^^ 3|| 

^, nB^Ji ^^^>^^^- 47] 4i;^>. 

10] 

^1-71 ^1--^ ^j-^H^^ ^^oii Hfl^m ^>7i :ii5iioi^-i^ ci i^^>^ ^> 

71 4l^V. 
[^^^J- 11] 

^iio^ofl $X'^^^, 

>a-7l ^1-71 >,5|lolA-1^ S^^H(Co). M€^(NiFe), M^-<^l-'t^ 

5ile)-olH(Ni-Zn-Ferrite), ^^^-<^V<?i :^]'^^ 3Jl1eV<=>lB(Mn-Zn-Ferrite) . MnFeO, CuFeO. 
FeO. NiFeO ^ Sf-3r>ji, ^7] Jl £;^>^sl M€-<*>^ ^11^ ^l^^-olH 

(Ni-Zn-Ferrite), "cJ'^-'^V'^ 3E|l5l-olH(Mn-Zn-Ferr ite) , MnFeO, CuFeO, FeO, 

NiFeOl- i^^>^ 7]-7] 7l^ ±7]-. 

12] 

^y] "^9^^^ ^^^<^ ^J-^V^^^ ^^^] ^7l^ o.^ ^^^>^ 

^71 WlB ^91^ ZlMLt}^ ^7] 7j-^p^n^ 3|)^ol o^^]^].3£S.. 

^7l ^<^^ ifloil Hfl^l^ i^^lB el-^; 
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71^31 #^J<^^ A>oisl ^71^ :^1^*>^ J^si- i^^m 7] 

^ ^^>. 

131 

^112*J-o11 Si^^i. 

^-I^J- 7l^ ^;<>. 
141 

^7l ^<?m- tfloil c^^iH el-^; 

7l^Sl A>olo^ ^7l^ ^1^*>^ 2fl^l- i^s^V^ ^]-7l 71 

151 
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^7] ^7] €■^ ^ ^7] c^^lH ^91^ ^Jl. ^7] 7^7}- 

n^. ^7] til^>>a^ ^€ ^elui ifl^^ cl^lB el-^^ 

^>7l x^^j- 7l^ di;^>. 

16] 

£^ Sj)^ >^oll Hfl^l:g ;^>7l 
>C>7l 7l^ >i ^^oll Wfl^l^a ^>7l ^#^13*1101^1; 

^7] ^ofl till^l£)ol ^7] 7^7] 7]^^ 7l^ 7^M}^ if" 

7}7] 7]-% 7]^ ixV. 
17] 

;^>7l i^€-<^V9^ i^lle1-<^lH(Ni-Zn-Ferrite), 

^1^^ fflle}olH(Mn-Zn-Ferrite), MnFeO, CuFeO, FeO. NiFeO ^ i^sr}^ 7}7] 7^-^^ 7] 
^ ^^}. 

18] 

^116*J-<^1 Si^^i, 

5i] 21-61 H(Mn-Zn-Ferrite), MnFeO. CuFeO, FeO, NiFeO* 5L^*>^ 7}7] 7]^ ^;^>. 
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191 

201 

;^>7l ^ffll^l^i^ ^-^ 3111^0^ ^^oil Hfl^l^ ;^>7l ^i^J- 

211 

^116%<:>fl 9X^^^, 

^7] 7}7] :ii^l<^l^i^, 3.^^(Co), M^^(NiFe), i^^-^>9S ^1^^ i^l5^-<^] 

H(Ni-Zn-Ferrite). ^J-^-^^fSl ^1^^ 5ll£^olB(Mn-Zn-Ferrite), MnFeO, CuFeO, FeO, 
NiFeO ^ if-^^ 7^7] 7^^^ 7l^ ^;^>. 

[^^*<}- 221 

^£^1 7]:^ ^^^^ ^}<^M ^Jl £^5]- ^^^^>^ ^^1; 
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, Wl^H^^ ^€ ^ 7j-;^H^^ n^^S. o]^o]^ 7\7] ^-l^j- ^^^*>fe ^ 

^71 7^7] i3JllolA-l7> ^^^^ ^^ofl ^ol^l^ ^^^^V^ 

7]-7] 7l<^ ±7.} 
23] 

O^ii el-M-S ^^^S-Vfe 7l^ :ii7} TflS 

24] 

B(Ni-Zn-Ferrite), ^^-<>>^ 3«fl2folH(Mn-Zn-Ferrite), MnFeO, CuFeO, FeO, 

NiFeO ^ 5L^*>fe :^}7] 7-l*J- 7]^ :t7:> . 

25] 

;^l22-SoHl ^o^l^i. 

^71 ;^>7l ^ci\] S.^A^ 7}7] >i3f|lolA-11- ^>^^*>^ 

i^^>^ ;^l-7l 7^^^ 7l^ ^y^> 
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26] 

^7] 7,}7] i3(l<^l^i^, M€-^><?1 JJflel-olHCNi-Zn-Ferrite), "<}-:?l:-<^> 

<g ^lel-olH(Mn-Zn-Ferrite), MnFeO, CuFeO, FeO. NiFeO * ^7] S.^ 

^>7l ^sljojA-l^, 3.^m(Co), L^€€(NiFe)^ S^sV^ ;^>7l ^-I^J- 

27] 

^1-71 7.}7] 7l^ ^^^^>^ "^^l^, 

^71 v]7}^^v^ ^ *>:^ ^^7}^i^^ y^Ms. sflBi^^H ^71 ^M^^n ^€ 

-acf ^ ^7] ^]7}^i^ ilflBi ^ ^1-71 ^>-^ ^^7}^^^ J^^^ ^^^^^ S.^^}JL, 
^7] 7}7] ^^no]Aj^ ^^^^}^ ^n^, 

^7] ^Sm- ^ ^71 7}7] 7^^^ 7]<^ ^ >^<^1 l"^^^ %^^^}^ ^^1 ; 

^7l ^1^0]^] ^7l 7j-^p^^- afl^Sl ^^ofl^ ^7l^ ^ 

i^^>^ ;^l-7l 7\^^ 7l^ ^>^> ^12: 
28] 
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^7] 7\7] iJJl]<^l^i^, S^B(Co), M€€(NiFe), q^-*^}-?^ ^]E^c] 

S(Ni-Zn-Ferrite), ^J-^-o>^ 3f|lBl-olH(Mn-Zn-Ferrite) , MnFeO, CuFeO, FeO, 

NiFeO ^ i-t*>^ ^>7l /5l«J- ±7]- >fl2: yj-i^. 

I^^^J- 29] 

^ ^ sfl^o] ^].7i x-i^v 7i«^ ^^^^m ^^1; 

^7l ^>7l ^^ofl >^>7l >i5|lolAi# ^^^*>^ ^^1; 

>^7l ^].7l >^3JllolAi7> ^A^^ ^Sl-l- ^olB]-^ ^>^^*>^ 

i^^l-^ ;^>7l ;^-l*J- 7l^ «o^^ . 

[^^^*c)- 30] 

^129*J-«^1 Sl^H^i. 

o^i^ ^^^^>^ ^>7l ^ilj- 7l^ 

31] 
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(Ni-Zn-Ferrite), ^^^-o>^ 3iile1-<5lB(Mn-Zn-Ferrite) . MnFeO, CuFeO. FeO. 

NiFeO ^ i^^V^ ^"l^J- 7]^ 4i^> wj-^ . 
321 

S^^l-^ ;^>7l 7^^^ 7]'^ ^7} 
33] 

;^131%H1 Si^H^i, 

>S-7l 7}7] ^JflolA^^, q^-<^>^ 5lle1-<>lH(Ni-Zn-Ferrite), ^^-^-c^V 

^ ^1^21 3|l5l-olH(Mn-Zn-Ferrite). MnFeO, CuFeO, FeO, NiFeO ^ ^7] S.^ 

^5)lolA-l^, S^^B(Co), q€^(NiFe)# ;^>7l 7]^ :i^> 

[^^^d- 34] 
^129*J-«^1 

^71 7}7] 71^ ^^d^m ^^1^, 

>S-7l til;^H^^, ^ ^>^ls sllBi^*>o^ 7j-xH^ 
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^7] ^>7] >i3f|lolA-ll. ^^^^}^ ^^]^, 

^7] ^o^^ ^ ^7] 7^7] 71^ ^ >l3ilolAl ^^^^ ^^^^^ ; 

>^7l >i5llolAi #^^-ar ^^^^ ^71 ^fl^Sl ^^o]]^ ^7]^ ^ 

^1* 5Lt^m ^>7l 7l^ ri^V . 

I^J^^l- 35] 

^7] 7i}7] :i3Eflo]A^^, S^H(Co), q^€(NiFe), M€-<^1-^ ^I'i^ 

H(Ni-Zn-Ferrite), '?J-^-<^>^ Tjll^ 3E|lEl-olH(Mn-Zn-Ferrite) . MnFeO, CuFeO, FeO, 
NiFeO -6: ^^t}^ ^}7] 7]^ ^7.} ^]2i «o>»^ . 
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